Introduction: Flow and filling ability are important properties of endodontic materials. The aim of this study was to propose a new technique for evaluating flow using micro-computed tomographic (mCT) imaging. Methods: A glass plate was manufactured with a central cavity and 4 grooves extending out horizontally and vertically. The flow of MTA-Angelus (Angelus, Londrina, PR, Brazil), zinc oxide eugenol (ZOE), and Biodentine (BIO) (Septodont, Saint Maur des Foss es, France) was evaluated using International Standards Organization (ISO) 6876/2002 and a new technique as follows: 0.05 AE 0.005 mL of each material was placed in the central cavity, and another glass plate and metal weight with a total mass of 120 g were placed over the material. The plate/material set was scanned using mCT imaging. The flow was calculated by linear measurement (mm) of the material in the grooves. Central cavity filling was calculated in mm 3 in the central cavity. Lateral cavity filling (LCF) was measured by LCF mean values up to 2 mm from the central cavity. Data were analyzed statistically using analysis of variance and Tukey tests with a 5% significance level. Results: ZOE showed the highest flow rate determined by ISO methodology (P < .05). Analysis performed using mCT imaging showed MTA-Angelus and ZOE had higher linear flow rates in the grooves. Central cavity filling was similar for the materials. However, LCF was higher for BIO versus ZOE. Conclusions: Although ZOE presented better flow determined by ISO methodology, BIO showed the best filling ability. The model of the technique proposed for evaluating flow using mCT imaging showed proper and reproducible results and could improve flow analysis. (J Endod 2017;43:796-800) 
T he flow ability of endodontic materials is important for filling the root canal systems or the retrograde cavity (1, 2) . Endodontic cement flow is evaluated in accordance with ISO Standard 6876/ 2002 (3) . There is no specific standard for evaluating root-end filling or reparative materials; therefore, the flow of materials such as mineral trioxide aggregate (MTA) and reparative materials has been evaluated using the ISO standard (4) (5) (6) . The sealing ability of a sealer is related to certain physical properties, such as flow and volumetric setting shrinkage (7) , and these properties may be different between cements and reparative materials.
Furthermore, because the ISO standard (3) uses linear measurements, it offers no correlation with the filling ability of the materials (8) . Models for evaluating the ability of endodontic sealers to penetrate dentinal tubules using confocal laser microscopy have been proposed (9, 10) , but they are not easily reproducible methods. Micro-computed tomographic (mCT) imaging has been used for evaluating the filling ability provided by different filling techniques and filling materials (11) (12) (13) (14) . This makes it a proper alternative tool for analyzing the property of flow and filling provided by different materials by means of filling volume.
MTA is a calcium silicate biomaterial with various indications that include root perforation treatment and retrograde filling (15) (16) (17) (18) (19) . MTA is biocompatible and induces mineral tissue formation (20, 21) . However, MTA is difficult to manipulate and insert into cavities because of its consistency (22) . Biodentine (BIO) (Septodont, Saint Maur des Foss es, France) is a calcium silicate-based reparative cement with indications similar to those of MTA (23) (24) (25) (26) (27) (28) and has additives in its formulation (29) to improve its cavity filling ability.
Although there is no standardized ISO method to evaluate the flow of reparative materials such as MTA, methods that allow 3-dimensional evaluation of this property using mCT imaging may be an alternative. This study proposes a new technique for evaluating the flow of endodontic materials using mCT imaging in comparison with the conventional tests recommended by ISO (3).
Material and Methods
The materials evaluated and proportions used are described in Table 1 .
Flow
The flow test was conducted in accordance with ISO Standard 6876 (3). After manipulation of the cement, 0.05 mL of the material was placed in the center of a glass plate using a graduated syringe (n = 10). At 180 AE 5 seconds after initiating the manipulation, another glass plate (20 g ) was placed on the plate with the cement, and a 100-g weight was put on the top plate and kept there for 10 minutes. After this period, the maximum and minimum diameters of the material on the glass plate were measured. When a difference of less than 1 mm between the diameters was observed, the mean value was recorded. A second evaluation was made by photographing the material on the plate alongside a millimeter ruler. The images obtained were evaluated using the Image Tool version 3.0 program (The University of Texas Health Science Center, San Antonio, TX) to obtain the area of flow of the material expressed in mm 2 according to Tanomaru-Filho et al (30) .
Technique Proposed for Analyzing Flow by Means of mCT Imaging A glass plate was fabricated with a central cavity (1 Â 1 Â 2 mm [length, width, and height]). Grooves of equal size were made in the cavity, extending out 12 mm horizontally and vertically to the 4 sides. Preliminary tests were performed to define the dimensions to be used, compatible with the flow of the amount of material to be used. The amount of material was based on the ISO Standard 6876 (3) flow test. An amount of 0.05 AE 0.005 mL of each material was placed in the central cavity, and another glass (20 g) and metal weight (100 g) with a total mass of 120 g were placed on the materials ( Fig. 1 ) and kept there for 10 minutes. After completion of the initial setting time, the materials were scanned individually. Scanning was performed by mCT imaging (SkyScan 1176; Bruker-microCT, Kontich, Belgium) and completed using 90-kV X-ray tube voltages and a 278-mA anode current, a copper filter of 0.1 mm, an isotropic voxel of 9 mm, and an evolution cycle of 360 . The linear flow (mm) measurement of the material on each side of the grooves (horizontal and vertical) was analyzed. The mean of the 4 measurements was considered the linear flow for each evaluation. The filling in volume (mm 3 ) of the materials in the central area (1 Â 1 Â 2 mm [length, width, and height]) was determined as the central cavity filling. The filling in volume (mm 3 ) of the materials in the lateral areas was determined up to 2 mm for each side of the central cavity. The means of the 4 measurements was considered the lateral cavity filling for each analysis (Fig. 2) . Reconstruction of the images was performed using NRecon software (V1.6.10.4, Bruker-microCT). The correction parameters of smoothing beam hardening and ring artifacts were defined individually for each material. The reconstructed images were saved in the coronal, sagittal, and transaxial planes in the Data Viewer program (V1.5.2.4; Bruker-microCT). The images were analyzed using CTAn software (V1.15, Bruker-microCT) (Fig. 3) , and 3-dimensional models of the materials' after flow within the grooves were created 3-dimensionally using CTVol (V2.0; Bruker-microCT) software (Fig. 4) .
Statistical Analysis
The data obtained were analyzed statistically using analysis of variance and the Tukey test with a significance level of 5%.
Results

Conventional Flow Test
The results of the flow test (mm) for both linear and area (mm 2 ) values are represented in Table 2 . Zinc oxide eugenol (ZOE) was the material that showed the highest linear and area (mm 2 ) flow rates (P < .05).
Flow Test Using mCT Imaging
The flow test results using mCT imaging are shown in Table 3 . MTA and ZOE presented the highest linear rates (P < .05). Volumetric filling in the central cavity was similar for all the materials (P > .05). However, the filling volume in the lateral direction was the highest for BIO compared with ZOE (P < .05).
Discussion
This article describes a novel model for evaluating flow using mCT imaging. Analysis of volume (mm 3 ) based on mCT images allowed evaluation of the filling ability in the central and lateral areas after placing the material between glass plates. Accordingly, these volumetric data correspond to the ability of the material to fill a space and to flow into the lateral spaces, an important property for an endodontic cement or root-end filling material. The device proposed allowed standardization of the quantity of material and of the pressure to be put on the material during the test, similar to that proposed by the ISO standards (3). Because there is no standard for assessing the flow of repair cements, this test would provide information on the flow and filling of materials in 3 dimensions. Furthermore, the flow of the material undergoing condensation contributes to the filling of spaces, as in a 
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The conventional test showed that ZOE has a higher linear flow rate. Tanomaru-Filho et al (6) evaluated the flow of root-end filling materials using a linear measurement, in accordance with ISO Standard 6876-2002, and an additional parameter based on area. They observed a flow of 6.37 mm (AE0.47) and 32.36 mm 2 (AE5.7) for MTA-Angelus, which is similar to that of the present study. However, mCT evaluation showed that MTA and ZOE had the highest linear flow rate. Central cavity filling was similar for all the materials. However, the filling volume in the lateral direction was highest for BIO in comparison with ZOE. Based on these results, the authors suggest that the flow capacity assessed by conventional tests does not present a direct correlation with the filling ability of the material, especially considering filling in the lateral direction.
Butt et al (29) observed that BIO and MTA-Angelus promoted proper apical sealing. However, BIO showed more consistency after manipulation, possibly leading to the better filling ability observed in the present study. Koubi et al (31) evaluated the marginal integrity of restorations performed with BIO and observed a reduced particle size of the cement, which may be associated with better penetrability of the material (10), and a small expansion of the material, factors that may have contributed to the improved filling ability of this material in the present study.
The results of the present study suggest that flow and filling are not directly proportional. Thus, a material with better ability to flow linearly will not necessarily provide greater filling space. Furthermore, the use of mCT imaging as a model for this evaluation may be appropriate, considering that it reduced the variability of the data obtained (32) .
The authors concluded that although ZOE presented better flow determined by ISO methodology, BIO showed the best filling ability.
The technique proposed for evaluating the flow by means of mCT imaging showed proper and reproducible results and could improve flow analysis. 
